ABSTRACT Cholesterol 7α-hydroxylase (Cyp7a1) plays a crucial role in the synthesis of cholic acid and cholesterol catabolism. In this study, Cyp7a1 expression in goose liver was identified for the first time using differential display reverse transcription PCR. This study used real-time PCR and quantified the transcript levels of the cyp7a1 gene under different feeding conditions. In overfeeding, cyp7a1 expression by the liver was lower than that seen for normal feeding and the same result was observed for the Cyp7a1 protein level. The cholesterol level in serum and liver was higher in the overfed group. This study suggests that low-level expression of Cyp7a1 is associated with the formation of goose fatty liver.
INTRODUCTION
Cholesterol 7α-hydroxylase (Cyp7a1) is one of the enzymes necessary for the synthesis of cholic acid and for catalyzing the initial step in cholesterol catabolism and bile acid synthesis (Peet et al., 1998) . The hepatobiliary system is the primary pathway for cholesterol excretion. The CYP7A1 protein is associated with the catabolism of cholesterol and the synthesis of bile acids (Schwarz et al., 1998) . Synthesis of cholesterol starts with acetyl coenzyme A, by which hydroxymethylglutaryl coenzyme A is synthesized in mitochondria. In conditions of high dietary energy intake, the acetyl coenzyme A level in mitochondria is high and cholesterol biosynthesis is increased; consequently, the cholesterol level is high in serum and liver. The biosynthesis of cholesterol is regulated by allosteric control of enzyme activity by enzyme induction. Cholesterol, which is one component of low-density lipoprotein (LDL) in serum, is transported into liver cells via the LDL receptor, and thereafter, expression of cyp7a1 and biosynthesis of cholic acid are induced (Schwarz et al., 1998) . Low-level expression of cyp7a1 causes a disturbance of cholesterol catabolism and a reduction of cholic acid synthesis (Pullinger et al., 2002) . Cholic acid synthesis is important in the regulation of cyp7a1 because it is one of its physiological suppressants. Cholic acid operates via the farnesoid X receptor and the short heterodimerizing partner axis and via the c-Jun N-terminal kinase pathway, which results in tonic inhibition of Cyp7a1 mRNA, protein, and activity (gupta et al., 2001; Li-Hawkins et al., 2002) . In humans, a deficiency of Cyp7a1 would cause a decrease in bile acid production and accumulation of cholesterol in the liver, leading to downregulation of LDL receptors and consequent hypercholesterolemia (Pullinger et al., 2002) . Cholesterol 7α-hydroxylase appears to play an important role in fat deposition in the liver and hypercholesterolemia, and proper position of CYP7A1 has been targeted for innovative pharmacological intervention in recent years (gilardi et al., 2007) . However, CYP7A1 has not been functionally characterized for fowl.
The domestic goose (Anser anser domesticus) has the ability to respond to overfeeding by storing energy in the liver and forming fatty liver (Hermier et al., 1994; Fournier et al., 1997; guy and Hermier, 1999; Davail et al., 2000; Mourot et al., 2000) , which is a highly prized delicacy known worldwide as foie gras. During 2 to 3 wk of overfeeding, large amounts of triglycerides accumulate in the goose liver, which can increase its weight up to 10-fold. Liver metabolism changes dramatically in response to liver fattening (Davail et al., 2000) , but this change and the formation of fatty liver varies among goose breeds (Mourot et al., 2000) . The French Landes gray goose is a world-famous breed that can produce a fatty liver of about 800 g, whereas the weight of fatty liver produced by the Chinese Xupu white goose is about 400 g (Liu, 2005) .
What causes liver fattening? Limited information is available about the production of fatty liver in overfed geese. Earlier studies showed that changed levels of many biochemical indices that are related to overfeeding, such as malic enzyme and isocitrate dehydrogenase, are closely correlated to fatty liver weight (Hermier et al., 1994; Fournier et al., 1997; guy and Hermier, 1999; Davail et al., 2000; Mourot et al., 2000) . We have found that CYP7A1 expression is lower with overfeeding than it is with normal feeding and this discrepancy is associated with fatty liver formation. We hypothesize that the decrease of CYP7A1 causes accumulation of cholesterol in the liver and serum, and that the resulting increased level of LDL in the serum causes triglyceride deposition in the liver.
MATERIALS AND METHODS

Birds, Feeding, and Sample Preparation
The Landes and Xupu geese used in this study were each allocated at random to 2 groups, with 5 males and 5 females in each group. All of the geese hatched on the same day and were raised under identical conditions with access to feed and water ad libitum. At 100 d of age, 1 group of each breed began the test period of 16 d of overfeeding: 5 meals/day with a total of 400 g of a boiled maize-based diet/bird (Fournier et al., 1997) . The other groups were kept under the starting conditions and served as control. On the last day of overfeeding, all 40 birds were deprived of food for 8 h and then exsanguinated as described (Mourot et al., 2000) . Liver samples of approximately 50 g were immediately taken from the ventromedial portion of the main lobe (right lobe) of each bird, immediately frozen in liquid nitrogen, and stored at −80°C.
Measurement of Cholesterol and Statistical Analysis
Total cholesterol in serum and liver was measured by the cholesterol oxidase peroxidase 4-aminoantipyrine phenol method with a cholesterol kit (Rongsheng Biotech, Shanghai, China) in an automated analyzer (Synchron LX-20, Beckman Coulter, Brea, CA; sample volume, 3.0 μL; reaction time, 300 s; temperature, 37°C; detection wavelengths, 520 and 670 nm.) The data were analyzed by Student's t-test and the level of statistical significance was set at P < 0.05.
Differential Display Reverse Transcription PCR
The RNA was extracted with TRIzol reagent (Invitrogen, Carlsbad, CA) following the manufacturer's instructions. The total RNA samples were treated with RNase-free DNase I (Invitrogen) to digest the remaining genomic DNA. The quality and quantity of RNA were checked by formaldehyde-agarose gel electrophoresis and spectrophotometry, respectively. A 2-μg sample of total RNA was used for reverse transcription with Moloney murine leukemia virus (Invitrogen) according to the manufacturer's instructions.
In accordance with the Delta differential display kit (Clontech), 90 primer pairs were used for differential display reverse transcription (DDRT) PCR (Zhao et al., 2007) . By using arbitrary and anchored primers as given in Table 1 , gene 9302 was amplified. The PCR program was as follows: 3 cycles of 94°C for 5 min, 40°C for 5 min, 72°C for 5 min; followed by 30 cycles of 94°C for 1 min, 58°C for 1 min, 72°C for 1 min; then 72°C extension for 10 min; and 4°C to terminate the reaction. The PCR products were separated by electrophoresis in a denaturing 8% polyacrylamide gel and bands were visualized by silver straining.
Real-Time PCR
Real-time PCR was used to confirm the differential expression of DNA isolated from an mRNA differential display using the iQ5 apparatus (Bio-Rad, Hercules, CA) with sense primer and antisense primers as given in Table 1 . Four samples of cDNA were prepared from the livers of 3 geese (at random) in each group. The PCR was done with a SYBR green real-time PCR master mix kit (Toyobo, Osaka, Japan) according to the manufacturer's instructions. The PCR program was as follows: 40 cycles of 95°C for 30 s, 55°C for 30 s, 72°C for 15 s. Accurate amplification of the target amplicon was checked by constructing a melting curve. Parallel amplification of the 18 S rRNA transcript was used as an endogenous control to normalize the expression data of the target gene transcript. The 18 S rRNA primers given in Table 1 were designed according to the reported sequence (gi|305324). The results were calculated by an optimized comparative cycle threshold method.
Western Blot
Liver cells were lyzed in Nonidet P-40 buffer [1% SDS, 1% Nonidet P-40, 50 mM Tris (pH 8.0), 150 mM NaCl, 4 mM Pefabloc SC, 2 mg/mL of leupeptin, and 2 mg/mL of aprotinin; Roche, Mannheim, germany]. The lysates were sonicated briefly, boiled for 5 min, and then cleared by centrifugation at 4°C for 10 min at 20,000 × g. The concentration of protein in the lysates was determined with the BCA protein assay reagent (Pierce Biotechnology, Rockford, IL). The lysates were further denatured by incubation for 5 min at 95°C in sample buffer [2% SDS, 10% glycerol, 60 mM Tris (pH 6.8), 5% β-mercaptoethanol, and 0.01% bromophenol blue] and the samples were subjected to SDS-PAgE. The samples were transferred to cellulose nitrate membranes (Millipore, Bedford, MA) that had been incubated in blocking buffer (5% nonfat milk powder in Tris-buffered saline containing 0.2% Tween 20; TBS-T) for 1 h at room temperature and, subsequently in a solution of primary antibody for 16 h at 4°C. Finally, they were washed in TBS-T to remove unbound primary antibody and then incubated with horseradish peroxidase-conjugated secondary antibody for 1 h at room temperature. After a further wash in TBS-T, the antibody-antigen complex was visualized by enhanced chemiluminescence (Amersham Pharmacia Biotech, Piscataway, NJ). A mouse anti-goose Cyp7a1 polyclonal antibody was generated in our laboratory (our unpublished results). The commercial antibodies used in this study were mouse anti-β-actin monoclonal antibody (AC-15, Sigma, St. Louis, MO) and a horseradish peroxidase-conjugated goat anti-mouse Igg antibody (sc-2005, Santa Cruz Biotechnology, Santa Cruz, CA).
RESULTS
Cyp7a1 Gene Was Screened by DDRT-PCR for the Different Feeding Conditions
Liver weight was significantly different between the feeding conditions. To search for possible mechanisms of fatty liver formation, we identified differentially expressed genes by DDRT-PCR. gene 9302 was cloned into plasmid pMD-T18 and the sequence was acquired with a DNA sequencer (Invitrogen; Figure 1 ). Sequence analysis was done with the public bioinformation tools of the National Center for Biotechnology Information (http://blast.ncbi.nlm.nih.gov/Blast.cgi). The gene sequence had a high degree of homology with the cyp7a1 gene of other species, including chicken (Gallus gallus domesticus, 91%), zebra finch (Taeniopygia guttata, 89%), and mouse (Mus musculus, 73%). We are the first to discover the cyp7a1 gene of the goose (gi|225735017) and its different levels of expression under different feeding conditions.
We measured the transcription level of the cyp7a1 gene in the normally fed groups of both breeds by realtime PCR to determine whether the level was correlated with breed. The results showed that no significant difference existed between the breeds (Figure 2 ). The cyp7a1 gene transcription level was lower in the liver of the overfed groups compared with that of the normally fed groups for both breeds of goose (Figure 2) , suggesting that overfeeding caused the decreased level of cyp7a1 transcription.
CYP7A1 Protein Level in the Liver of Both Breeds Was Determined by Western Blotting
The CYP7A1 protein levels in liver were checked by Western blotting and 1 specifical 57-kDa band Figure 1 . Liver mRNA differential display analysis among different goose breeds and feeding conditions. M: DL2000 marker; 1: Lande goose; 2: Xupu goose; N: normal liver; F: fatty liver. The mRNA differential display was done with liver RNA samples with a Delta differential display kit (Clontech, Mountain View, CA) using arbitrary and anchored primers as given in Table 1 . The PCR products were separated by electrophoresis in a denaturing 8% polyacrylamide gel and bands were visualized by silver staining.
was detected, which is consistent with a previous report (Tomaszewski et al., 2008) . Moreover, the results showed that the difference in the cyp7a1 transcription level between feeding conditions was reflected in the difference in the CYP7A1 protein level (Figure 3 ). This suggests that overfeeding causes the decrease of the cyp7a1 transcription level, which results in the reduced CYP7A1 protein level accompanied by decreased CY-P7A1 activity.
Cholesterol Level in Serum Was Higher in the Overfed Groups Compared with the Normally Fed Groups
A hepatospecific member of the cytochrome P450 mixed-function oxidase superfamily, CYP7A1 initiates the synthesis of bile acids, which is the major pathway for the catabolism of cholesterol (Schwarz et al., 1998) . The hepatobiliary system is the primary pathway for cholesterol excretion. The cholesterol level in serum and liver was significantly higher in the overfed groups compared with the normally fed groups (Table 2) .
DISCUSSION
The mechanism of the fatty liver formation remains unknown; this study reports its possible mechanism in molecular level. Using DDRT-PCR, we acquired some differentially expressed genes among different feeding conditions, including genes for fat, energy, and cholesterol metabolism. One of them, selenium binding protein 1, has been reported previously (Zhao et al., 2007) . Because steatohepatitis represents an advanced stage in the spectrum of fatty liver disease, free fatty acids, triglycerides, and cholesterol accumulation may coexist in hepatic steatosis and cholesterol could be related to fatty liver (Marí et al., 2006) . In our study, the expression of the gene cyp7a1 and cholesterol was significantly different under different feeding conditions. Furthermore, the chronic high cholesterol feeding suppressed CYP7A1 expression in FVB/NJ mice (Henkel et al., 2011) . Enhanced expression of CYP7A1 has been reported as an effective means to prevent the accumulation of cholesterol in the liver and complete resistance to diet-induced hypercholesterolemia and the accumulation of cholesterol exhibited in the liver (Ratliff et al., 2006) . Taken above, we suggested that expression of gene cyp7a1 could be crucial to the formation of a fatty liver.
In this study, we showed for the first time that overfeeding geese caused a reduction of cyp7a1 expression in the liver, an increased level of cholesterol in serum, and deposition of cholesterol in the liver with attendant increased liver weight. We suggest that the reduction of cyp7a1 expression is one of the mechanisms underlying fatty liver formation. A low level of cyp7a1 expression results in a low level of CYP7A1 in liver. This affects cholesterol catabolism and results in a high LDL level in serum, which accelerates the deposition of fatty acids in the liver. However, the details of how overfeeding leads to reduced cyp7a1 expression are not clear. Further studies of the mechanism underlying fatty liver formation in geese could lead to a model of human fatty liver and eventually to prevention of and a cure for this catabolic disease.
